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(57) Abstract: 



Satellite telecommunications repeaters are provided 
which receive, amplify, and locally retransmit the 
downlink signal received from a satellite thereby 
increasing the effective downlink margin in the 
vicinity of the satellite telecommunications repeaters 
and allowing an increase of the penetration of uplink 
and downlink signals into buildings, foliage, 
transportation vehicles, and other objects which can 
reduce link margin. Both portable and non-portable 
repeaters are provided. 
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^1^ ^ny\^ ^il-g-^l-oi, ^i^o^-E-] ^Ai^h ci-^HH -^^^f-l^l, #^o|-oi, AH#A]o,^o i 



~ ■ "-Eh, n ^ 



^ ^^S^ ^1^ S7|#A| A|:A,gj o, -1 H^goil :^ho_^ao^Ai, ^^1, ^^Ssh A^o|o| ol-Sdink margin)* ^ 31^ 



o|AH °Ajg^^ A|^^^ JISS^I #d# ^il^ofe[:i| aa| o|§£|^ oicK Oilmen, Robert A. Wideman^l 

^il5.303,286^ " Wireless Telephone/Satellite Roaming System" S MBj^BK 

{110)# itl^^^l-btll, 0|# ^1^^. ^0\^ ^\^\9\ 7:|:^^(130)I1F ■^>MS^K120) A^o|o| ^7i| 7[ (relay) ^sHr^^cii 
(transponder)^A^ 7|^-g ^ 5if^F. a|^^^ x|-sij^ JHI!- S^j-'^Kl 40)oi! e^^ijo-j, ^j^ ¥--^3:^1-^ ^}^l l-^il ^ 
^Ajg^|-£|- #aHo| x|A^ ^-g£^(cellular) ^^3^1- Zf^l £i-t::K -^^i^i ^-ys'^l- Al^gj^, A|^ao| ^l^^j-^ 

g go^S ^iu-|-&h-^ ^|-u^o| o|.E||u|- Bj(beam)S o|§oi- oj^^l|.^ ^E-^ ^ 1o]| £a|3]- d|.s|- ^o|, A|:^a| x|q^ Lfjo| 7H'g^'eJ 

Ajal^ ^^S^I(160)S Aitd|::v^|.- S(150)# ^^o|-5E^ "^-Am ^ ^"^^"^ A|A^ ^-^2-1 -^AjS^F A|:A^aiOj| 

Ah^^fe yA^l\ ^A|-o[ ^-i-E-l ^£ES, 7|Hho^ A|:^g|oj| A^-§-4^- cK A [-7 1 o|^{l10)-B ^^l-^^H^ ^^^f-^ ^-^Mg 

^# #§H ^ga^Kl20)^ ^fe[:il, ^^'■t.t t!3)(170)# S^H^i^ ^1-^(11 0)o][A-i ^^SsKl20)^, ZLBjni ^ 

i!^{JBE^ °^^f-E»^ i!a)(180)-S- «eHA-|^ ^'£dS^Kl20)o||Ai ^1^(110)^^ ^^a^l- ^-^d-yj^lMOl #a|o^c^. 

^|y|-§W| ^Aj-Ei A|.§x|-# £E-b x|S #^^^^! ^^3^1- ^E-^ a^l- °!^a|-:±:E^sHxi(jpfrastructure)# 

A|^ SiiKSi)* 4^ 01 cF. mm^ ^SSJ, ?J^. iH^Jl, iJ \J^^ A^^^m a-^^. ^a!3i:F7F ^Ajoh bi|:n^ °foh 

^1^1 -^F-^-l-mol 7|oi^Ft, £A| x|Q^# Aib|^# ojE3|._ °Ajg:^|- A|-gxF7F LHojj oj- -=-01-0^1 _ cc- x|-^xm c|-^ 

An^?l % s|^#, zialJi ^goj o|-u|£^, A^-^x^£^ LHoil £E-^ ^xicHi oj^ g7|^ 7|7^|^ a| 

r^H^ S£°i- -^-idS^I- ^!■oj| SnW^ a|^'=o^7^| ^cK 

^ U3 <M^#-B cj-oi^^l- xi^l- A^Eff^ ^ ^ o^cK oi|?HQl|, i£l|o|g (fading)-^, o|-^#ai A|^Qjoj| a-] o| ^ai^i^^ ^a[7| 7}o{ 
S<y ga#oj| o^^i,tg § 4. o^cK cl-gg^ i^loigiLK ^'^^\^\ f^H^i: 4^d:7|s| oj^o^l oj^i- ^^eh A|^E(Doppler shift)^^ ^7^A^oi 

a^^i ^n-^^ aaxi3i-7i- o[:7is[zK 

EF^a^ jEl|o|g-B. #<M7|^|- 4^Ai7| 7}o]|^ ^Aig oj|LiA|-i- Qii|-A|7|7| ^|§H o|A^o| g^7|. oj- [:t[jo|| ^xH ^F-^ E(-^?i^ 

M °|o[ ^OjcK OlI^jLil, ^|^#Aj ^\J^ll\ Oj-i. A|-§X|- ^}0j| ^g^^ S|01| X|A|- ££-^ zp.^ = ^^E^o| U|-A^:g^# 

^ 5JEK ^^^^i^^^ ^^m^^ S-^^l--^ -^1^^ s| ^g:7M| sa-^Foi, =^^ais- ^^^1 3-^^ ^F^S^ ^^nWi ^|§|] 
at^K o|§ A|-§x|-7F OH-^M, "^Hh^Ho^ ojA^ x(-o|7|- B^WI £|o-|, =^->M7|c>||Ai A|i^ (time-varying) 3^o| ^^^^Wl £!cK e|a|o|. 
(Rtcian) xfiy o^|A[-H|- dj-a^ a-o|(7FA|a^7|- yj^ij lcH), xHy jHloig^, 7|-^ ganras-l 3 lHx| 5 

(decibels)* 7A^^ a.°JcK o| S|o||JE, °ix-||7|- ^So|-^ ^-EJ-^^i HHnF^* 2 t-Hx] 4 £:i|A|ia;;|-x| ^Jo-| 

£El ^£ 5iEK 

%^o|-JI oj-^^l ^AJ^ Xi|^^|-7| ^|^|]A^, ^1^ g7|#Aj A|>,Qj^ ^y^^:^^, ^I^I^I- ^^a^F >^\0\9\ Ajsa^Oil ^XH^h-^ Xj-O^ 

% ^^0H# #:c.FA|7|7|o]| Ai|7|o| Aj^-i- :^i|^§^oio^ o|-§- 2|AKAmerican Mobile 

Satellite Corporation)7|- Q^H a|^oj|A^ AjfH^^ZL o|:=- ^|ah a|:A.^ (^^^Kq satellite System)(MSS)* ^H-^l--^ 7A^^^\ ^^-^ ^| 
^m^. ^ei^^^ ^ilS-^ ^S^i ^ :'H^ #a Aib|:A, (Personal Communication Service)(PCS) 

oj 7A%^\ ^\l^^\o\ 'gcHxixl o^- ^H,i-oj: g3.n|.x|g x^|^3^7|7^ oj Bi# ^J^K □1-37^x1^, Y^Q:^!-^! H7| 

±y^\A\^^^ <EJ^H. -¥-^^^1-2:1 ^i-AF ftB^B^|'g ^ ^l-^^.^ xi| o^£[c|-(uHE^a[ #g ^gc>]| ccFal-). ^Iiig7||£, mms 

•^1^ Soli H||:^l^|-i^ ^l^'th ^y-^Z! ^1^ SJ-EljL-l-^ ^tl-, ^y-^^^ ^flt!-^ 37|0| #A|tl: #^#^^1 1! 



1998-2000 tdSojl bH^I^Fi^ gxH Tiimja MMS -^l^-B El-^l, o|Akx^o| ^7|. mjAti 7F^a|oj- ^^(additive white gaussian noise) 
(AWGN) xfiy ^1 8-16 dB S^ofl ganra* ^"il-gS" ^^^^f-EF. ZlE-ioj- gaD|.xj^^ u|.°, oi^ a# §oj| 

^"^i-S xFsil (shadowing) iJ/££-^ ^^^H (blockage)^ M-^^-5h7| ^|§H ^7^*-^ gaa^* 7|-x|:ii ojx| ^7| ccH-^oi|, ^Ajg^i-SF 
^1^ A^o|o^| 7H2:| ^^g^i n|3lx| p>^ 7|-A|(iine-of-site)(LOS)3^« 



£ 6^ ^ Shgoil a:F# ^qg eHS.-^^ g:^|7|o| ^A|oi|S £A|tf5£a. 



7;H#^iJs^t ^1^ S^i-sAj g7ii7|# ^b|sho^ s^isAi -^|7| ^eo^|A^o| cF^ga 



& S-^goll ccl-BW, SiSt!- o|^°| u|z-|a.| S7i#A| g.7i|7|-b, Siil* x|^5(.7|ch| #^*!- l!Ho|-^(# gal 7|-S ^ SI 

^. T^mm^, g*!-iiK ^74^1 ^ ££-b <m-o| A|&4Lt|o||Ai sy^-g^ ^-tj^sl-^l s|s.o| o|^oiS ^ ^ 

aj ^?|(return) 1!3 7W a.^# :»H|ga-cK :^ai-t,t ajs-I- 4=^«I-o4 g3 aJs-I- ^^aj 

5|-oi ;ct|#^j3|-7| ^IsH, n||*| eJ-EHL-l- o-I^MBl (patch antenna assembly)* o\Sm 9Xc[. 



i^teSa ^dSSS ^iil^^lL sua Aj2#s xll#Aie|.- ohEim7F Si^m- ^■&)cHe! i^^^^^B] 7ia| 'goi 

^\7:my-\L.[ §J/5E-^ ojga A|3^s. =^A|§^ll cl-^ga Ais» xH#A|s|-^ £}E||i-l-S.-¥E-j a^7| oiiLit} m^m ^l-cHgoil °.| 



# ^^o|o)| cche ^1^ a^lSiJ a^ai *m§ tHH-^H S^-^S(housing)cH| z^k^H a(cK o|S *i:HS §?i|7|S 

e l::^^a3 ^A!s^Jl ^ ga xn^AJ3^7| :^isn m^i o]^m^\mo\ smm ^ ait ee^ 

fe'-e 7|^(^l^t)# 7m =T= aJc^K aaarasi ci pj-s #7^7^ ol^oixiis ?-|-^Sof| c^*!- #ia/nHx| o^E||u^ oi^i-a|o| 

7|-^3MI Sfe, El^Khinge) 5E-^ 2|S3ia| (swivel)-i- A^S§^-^ tr|-^go|| nll*l 2.mm o]^m^\^ 

fc^|.B^5js^c^. fliDHS g?il7|t f£*^ §7)|7i ^i-^ ^|*|o)| A|x|3feD|| olgsF^ c^ofcoh gEf|o| AJx^J-(extension)# 

XtcK ^S|2.| 7:111 ^A| oil oil Lc^a|-. A^7| 37|#AJ ^?1l:7|fe §^17|# ^s. ^^^i^ x|x|5^7| ^|5H i[^^o\\ s|S 7|-^ 

3h7l| -^sfElt n o|A^2| 3l|n(ieg)# MM^m ^S. 9ic[. 



7^A|S ^JE 



#^ §:^|7|^ ^cHs ^A|oi|o| ohEiiun A|-S7:|-7|- #Ai ^i^m- m^^^2.^ si^is 4=£ sic^K ^jssi A^|7|7^ §7i-i> Hl|7;^x|, s-xi 

SA-joi g^|7| o|#A|uo^Mi, SEfe tl-^l °l■E||L.^□^# ol^Aigjo^^^ ^s. o\i=^ ms. #7|-°!- i!aa^x|S 



# =^ Sit ^1^ a7|#A| g7||7|7F ^U|o_HzK 0|t ^|AH -A|7| Sj-4:A|7|ni EE*!" #7l|7|7h rhb|SFt Sb^# 

>^lfl ^ XitEll. -y-?! i-H-^ uHNal a^^oil s.\^^[^ ^A|oi|o|| aioiAH a^si g-aeFcK 



^ ^i-Sal BE cj-B ^gcHI ccl-aw, ^1^ S^ISAJ #71171-1- #-gol| 5^^1-711 x|x|«!-o^AH, ZH#uilol|AH ganF^iS S7|-a|7|£ 
m yW^m^ ^^I^MIISSIc^K *c:i(holder) &:*|oi| qith ^a|oi|o1| 2io|A-l, ^oj ^_ oIe! s^fiof 

m^ll^ol. :§,i-x|o| t^ss^SS^^al t[ e^oij siasWI ^x|A|yc|.. naiS 4^?! #*|2| :«:H[2SS^e. 4=^^1*1^ 2l3&4= Sin 5E*[ 



^ ^^SH^, ci omm ^^ ?h^-i^ oi^s- ^ sEoh Ak^i oj-Bim^ g;^!^ 

(equivalent isotropic radiated power) (EIRP) b-II^^o} o|-u|a[. s|^(per-clrcujt) EIRP-^ ^-g S^^ijoH 

(adaptive power control algorithm)o]| ^|o[| ^^^^^ ^ $Jc^F, ^l-^o] ^S-t:^^ ^js^ ^ilel^l 



0|X^|^E^, M m-D^o| ^A|0^[#0| £A|£|0i a-in^ol-Oi, OI^I-CHIAH ^ Ci :^0|dK ZlB-jL.^, ^ 

S# 0:|£-| ^^Efl^ ^SS- ^£ Oi7|Ai -^g^l- -yAlOilOil Xfl oj"^ ^o_g_ ^ of. g^^; o ^| 5^ _ a^7| ^A|0^|#.^^ 

"gAilAi-g A^S•^E^ •^7;[-X| ^^"^^Wl ££ol- iJ-ojAl-l-OiMI ^ 0|uf|A|7|7| ^| ^1] ^il^lsjc^ iSojl 5iO^A^ 

A^#^E^ #77|-A|, -s-as- -i-a°h ^-^s.:±:o]| ^^^i" ^do|c:K 

H 2-b ^'-^loji CLl-^ ^7i|7|-i- A|:^aj-^ L^El-uHcK ^ 20|| L^B^uH d^S^ :^^oi , o | ^ A|>,a|cHl ^7||7|(200)# ^71- 

(170)5.1 ^H^# S7FA|7^ ^|^(110):iiF fH^-a^ "^^a^Kl20) ZJ-^I aaam^ sS-^^^ S7FA|fjcK m ^d^oi o|^ S7|#a( 

#:7il>'|# -y-Ail^MI -^Soh7| 0|gOj|,S. ^^□|o| ^l-Xj^h ol^ll^ o:|-HA^ Q xi , Efl SJ:^^ o| gAj A|:A.^o|| c:^^^ >yg^J-^0|EK 

Cl-Al i 2# S-^^FS, g7|#A| §71171(200)^1 'a-^'^ Ail 1 oJ-Eil L|. Oi'aga|(210)7f BE^ Zl 0\^o\ ^|-^(110)^ 

^^E.-\ cl-^li^ ^^(170)« ^Aj^i-DK D|-^§3 ^^(170)# 4^Aj^|.o^, A^7| o.|^ g7|#Aj §7i|7|(200)-^. Aj2:(170)S 

^-^3^0^ ^0i^ 3|-U|-o| -^A1S^K120)^ AH^Ajo^cf-, ^^£|0i AH#AIE! C|-^tl3. AJ^(175)^, S7|#A] g7i|7|(200)5| 

Ai:s ^^A^m\ s^e ¥^^^K120)7^ ^aj# oi^i-^ ^^oi-^oio|: o|.c|-_ A^7| a7i#Ai §71171(120)-^ ses-, ^\ 

L-1- ZL 0|Al-o| ^Aig^|.(^20)7|- ^AJ^J- ojai3_ a|^(180)S ^AjSc^K ^h^. a[-7| 37|#a| §7i|7| (200)-^ <A^m k^ 

■B\Qi Ol-l- ^0\^ o|-U^o| :jq|^ -^1^(110)-^^ AH^aJ^I-H, ^|^-g- Al-7| AJ^# ^^-^y^FOi xiB|o|-c|.. 

^ ^»-?^0j| ^:Q^# M7| S:7|#AJ g7jl7|(200)^, u| ^DH^oIni ^sig zj§ ^^#oj| >y x|# ^E. ?j7iu|., >i# ZL 

^^^\ cl-B ^^#oj| ^^^e 5Ji:^K ZLBHti- o^|^ 5a# MJilMaK id| ^cH-g-^-l, ^S-S(ZigS) g7|#Aj §7l|7|(200)-^ ££ 
£!■ •§■#^£^011 ^x|i!-o^;^i o|-§-^o| 4^JE ^icK zLBiEh oil^ i sb-l- #JiiMaK u\x\^^^^ ai-71 ^|-^ 37|#Aj §7i|7|(200) 

^ ^^Soi *cH^"a ^ 5io-^A^, ^Ajg^f. oi§xi-s[- a-^ ^goj -oi §71171-1- c^N^i, -^s^h s^^o^iAi g^oj-^s §7hA| 

7|i^ -7:||7|-i- -?|x|A|S ^ ^i-C^K 6 ^ ZLBioj- ^DH§ &a|o| Oi[0|DK 

^^?|°| ^1^ S7i|7|(200)^ 4^So|-a| e^^^cK A^7| ^y\m^ S:^l>'l(200)^ ^^^1- 11 ^\ 

A!^# §-^3^0:1 xH#A|^F^ ^hoi, UHDhS ^HuH g7l-A|7|t y| #t:H§ ^:^|:7|^Ai 7|fe&cK cchaw. # 

:=^l>'l(200)^ -^US ^^:^|^ 4^ ^1^ Hl^^^fE^ ^1^ -a^B-) SE-^ #£HSl| ^^l-^^^l =^^S.±.^\ o\\:^m. 3^71- 

£ 3-B "^mm ^ ^^-^5-1 §7ii7i# #-^jeo|ck h 3# sz^^fo^ ^"e^, ^ ^^?ioj| ccf^- §7^171 o| b^B^^^p >yA|oii 

oil $JoiA-|, ^jHE-lnF^si L,|-Aj^(quadrifilar helix) t^F^ ^^£-11 A^^ft ^ o^4x|a|-i, ai|i oj-Ejm oi-gj #5-1 (21 0)-^ 

E||uh oi^#a|^ ^-^iJ ^^E.-ll^(230)s^ ^aHH AH^Aj o|E||L.K36o)^ -g-amc^K 

c^F^Ha Ajs(170)-^ cF-^l!3 4^Ai oi-Bj|u[-(230)(i 2oj| £A|a)-g. ^i-uF cc- ^ o\M2.\ ^\m(-^^q)^^^e.\ ^Ajsici-, c|. 

cil-g-gH Aj^dzo)-^ aB^(filter) (240)# ^ cfjo^ t)|o| aj^7|- A-||7HaEK zLalJmAi, ^Elg^ cl-^ga Aisi* 

g^^fecHI. o| ccH 7\^^o\^ x\ §^7|(250)# olgohcK A^7| aj^- x-||23Bi (260)ol| oj7h£|0i. §^7|(250) 

oil s.|^H i::H^ ^1^1 ci A-j|7HSi::K 

ZLBj E|-g, Bl-^ija Ai^-^, WVjW m^<AM^73)m '^*-^A|7|^ Ajs -&yH::^l(divider)(270)-i- ^|A^o^ ZLaln^Ai, m 

y\ S^^^M-B i^l-^Ha Aj^ A[|#A( oj-Ejm(290)o|| ^I^H Soil omm ^^:^l(280)oj| §^£[cK 

a-So{| cc^a|.A^ zia|Zl£3oi| ^o|ohb|-sF uFbh^ & ^A|oi|o]| ^oiA^ c^^gs a[J#a[ <^e\\v^\{2Oi0)^ n\2?}^^\ ol^gal 
(220)^1 o|Bi x-j|2°f-E|m oi'asa|(220)-^ ^-I^B-liiF^Bi uf-Ajg oy^l,\9\ zm\(9\ ^^Ei|L|-#-i- Ah^a- 4^ ?i#A|aF 

°}E-||U|. 0i'a#S|# Ml!-^1-C:F. 0|# o}-E||L.|-^ Ai|y7|# ^0\0\\ ^X\5^0\ ^lO\M^ Oi7|Ai Ei 0|Ak :g07|. o^t^|._ -j,^ 

SE-^ ZL o|#o.| ^Aj3sK120)7^ AI-71 §-^3^0^ xH^Ajg Aj^(l75)^ 4^A|^|-o:) xia|o[EK 

^1^ S:^l#'^i] ^:^|::^l(200)^ ^tl- ^o-js. ^[-lF^I S^H a]^ 4^aJ ei-E.-ll l-K300)# ^F^-F n o|A^o| °Ajg^Kl20) 

(£ 20i| iA|£|)^^E-) ojg3 A[^(^80)S 4^dt}Cl|-. J£ 30j| U|-E|-Ufoj- u\9\ , ^[^^2} U^MoWH, S 3 A| :t. 4^ Aj ohE-|| 

(300)^ :^il2e]-E||u^ oi^Ma|(220)2L| ^-^eJ 7H'g^o| oi-E|m^ ^^sj e|-. Q § a 4^a| £i-E]|L-K300)7|- Ai^# t!" ^oj] , g 

^ °j EH9^ ^^;9\ AI^# 7:i|7ie|-7| ^|§HAi Af.7| a|^^ gEi(310)O|| #I^|-A|^ICh. ZlSH E|-^, X-\ #^7|(320)# 0|§oFOi EH g £| 

A|^5 x^^^| ^^S-bK a^7| #^£| AJ:i:-b ^i|2SE^(330)# #:a|.e|-Oi, xi a-l- ^^7i(320)7F ^^tl a# t:H^ A|^7|- 
A^|7^S[::^. o| mi, N7H7;1-x|o| a|^# ^^Aj^^oi zi^dmS a&^i^^ eJ-^ aj^ atl-:7|(combiner)(340) #^ <y^(183)# 

-Si^^h-^. a&^^IS #:il^S■czK inS ^^y\(3S0)y\ m^\o\^ aj:^(i83)# #^o|-zj, ^^^b. A 

#^ ^^E-||L-K360)7^0l#Xf|#A!ohEK 



o|a| ^D^^h b|-£[- ao|. -g. ^□.^ol S7|#Aj §7i|7|(200)^ A^a|# ^^ly^hxl e^-^cK A^7| S7|#aj §7l|7|(200)^ Et 



S^F^I -^F-^o^oll O^l^^i ao;7(. o^[^|.^ Al-71 ^7i|7|7l- U 3 ^^(180) [^F^il^ tl^{^70)m a# ^i-Al^m EEtl 

^ ^^st>ii $io^A^, cj-^t!^ Ai:^(i7o) ^-^ ^^ga d^(i8o)-i- #^Aia^^>u-] ^^2} 01-^^ ej-Ei|L(- b[i<^(23o, 290 ij 300. 

360)# Zf^l oFo|#B^io|<^ (isolation)o||Ai, n o\^mM ^a|£|^ yjo\ y|-^hxi^^cK ^ 4-1- &^3|-oi MS, o|-^o| cfj 

gei--^ ol-Ei|u|- '*^^{oi|# #oi, 300, 360) A|-0|o| o|-0|^B-l|0|>yMc:|- H^l-El, ^-gO| ^^a^oWI gcK 0|-^-B aio^ ^q^I 

-b. J:(P 

j) m m^{dMPo)^\ ^^l^l^i ^^^1^ S^ltl-t^h o|^ = 10 log iPJp.) in dB. 

•^1^ a^^l^-^il ^^C^loj] °|^H -a-^S, S^H Ajs ^-^ ^^^1 Sx-i|o|^-B, f^Hg^fe ^i-Eim rS-^l 0^0] #B^| o| ah g ^Jl^3|- 

?i A|:^gjo| M°l-S^F7l| m ^s. ccH-^oIcK o^o|^^^[o!>M^, c|-^o| aio_^ ^^tl, ^tltl <il±(P 

t)oj| oh A!^(ppa|-o| ^h7^|^ ^^mc[:o[o\^Bi\o\^ = 10 log (P^/P^) in dB. 

^1^ ?H^-a^ S-:^!^ 4^ #-&o| ^^7i|3FH:|°^ , 15 dBS^I o|^o| ^ oi\M--^ 

•{M §7j|7| A|>^,^^ ^^>a# ^\nOi Cl-g^l X^|3f.H| - tl^B^:^^^c^: 

[oFo|#a^|o|/d]^g + [o|^]^g < 0 u| *c:H-g-s| ^^^S(ZL§%^) aj^I^aj §7i|7|o| ^x^|A^o| -MA|oi|7|-i Sa^F £E 5b 

Oil L-FBm oicK a-gsl ti| ^c^S-oi Ai7|#A| §7j|7|-^. HanF^ol #a!# x|^3F7|oi| #^^Fx| ^ oj 

-^-^^oiiAi ?N^-ii^ -^^ySsF-i- ^^^m S- ?icK 

om^M, i 5a# &£&3Foi MS, ^1-^ ^n:^\m ^#(550)oj| -^xl^Foi n.^m =?-^mm ^^[^m m ^ ?1 

xili °}E-im oi^#a| (2l0)-c- a#(550)s| S- 5E-^ x|gcH| ojHi, Ji x-1|2^i-E||L-h oi>agB| (220)-^ #am -g- 

2-|oF0:j Lfloil £ 5ao^| ^^W: ^F^F ^^o|. xi|22i-E||ui- oj^ #a|(220)-^ ^i-H aF^^^I SE^ *jgo]| 

^ ^^a^l ^1^ a:7|#Aj g7=l|7|o|^ d| flicH^o| ^^^^^(zLgs) -y^^loll-l-^ aF#;^F, oi^^, 7|xF, Aj^^ u||H7| ^jiF g-^ 
01-=- L.f|(H| -y^l-^ ^ o^l-i- -l-oi, £ 5bo|| LFeFtF ^F^F ao|, x-j| i oj-Eii l.^ o-|>a#B|(210)^ x:f^aF^| 

^•^(hood)o{| -^'Alo-l^ o^^^Ft ej-Eim o-|^#B|(590)oj| #S|-§ ^icF. ZLB^ni i-[.Ai, xf4^F^I 

b| #DH§o| S7|^A[ ^7i\y\^ x-iii ^ x-j|22}Eim o^^ga|(210, 220) a^oM| ^al^^ej ^^^^ b|- 

^^^oFcF. ^i-a^o]| hlF-s b| ^cH^oi ^^^Mi^^W §ny\mo\ 7F^^^^ B.7\^o\\M a ^'-^c^FS, a 

o|B^tf•H| #e:HS -y^^loil-l-ojl 5icHA^, THIioj-EjlL-F o-|>a#B|(2l0)# xi|2oi-E||L.|. o-|^SE.|{220)^^E-j ^£|^Ft yFi[^^Fc:F, ^y- 

0\^-\t}: 0]^m^\m^\ #B.|A^ol ^£|7F HS ^ 0F0|^a1[0!<y0| C-m 9jX\^CM^ 0|S71| £|S A|>,ajo| gohg^ 

•S- ^H7|-b ^0| giOl a7|§A| g.7^|7|7F ^^^^^ 0|-^0| Ci 7-lX|i^ ohiz|-. ^BH^^, -^OIuF iSS-. Sx|oj gji^ 

^ #a|3Hoi o|§3F0:| ^ 7H^| °hE^m oi^gal-i- ^al^F-^ :^o| ^a|eF':::F. 

£ ^y\m^ ^^^^ ns^-m^ &a|^ ^ a-s^i yF^^-^'^i- -^Aioii^ ui-eflh-^ ^do|cF. fl: 

t^H^ ?H^"i^ ^1-^ "^yim^ ^ny\^ ^\^^\ s# ^^-^ oF^g(6io)* ^MoF^chi, A1.71 eF-^go| cF^ojoii^ ong^ aj^^ ^aj 

^F-^ ^^Eim(300), [^F^liH Al^# XH^A|§^- °1-Eim(290), [^F^gH ^^-JM^F^ e}E-im{230), ^^tJH aj^-I- xH^a] 

^F^ ^l-E-f|i-F(360)^o| bHxIS 4^ 5Jc:F. a^71 ■^^-^^(ei o)-g- ^1^ S^I^aj -7^|7|-o| Aj^F^hAl-i- ^g^Foi ^^^[^ ^F:^, 
SEtF ax:|S^^A-i Q^S-^F^ SS-^ H£-j|BJ^M -El^^ ^do| yF^i-^oFciF. 

o| s|o]|£, 7-lH-l(620)# ^»-7| eF-^g(6io)o]| ^^i-s-^i ^ic^F. SI3(620)# &S Ai-Eyo]| A-j-^Ei s|S 1^1^ (pivot) aFTII 

^F:^ ^ny\ ^F^g(610)ol| cH^H o|#^F£^ -^F-b ol-g-^Fo^, A1.7I Sl(620)# #7^|7| ^f.-g(6io)oi| ^ 

£ 5i[::F. 0^13^11, #ia(620)# -^-ya^Fojl -^^^3F7| ^{tUi oF^ ^-^ a o|#°.| ^x\m M^m ?i[^F. ^'-gsl #7^1 

7|o| zi o|#s| oj-Ej|u|.#s #ia(620) -^loil oHxI-sFoH oi-Eim oFo|#B||o|^M ^5, 5it^F. 

^ uF^^'^F -^Aioiiojl ^ioiAi, oHgH Aj^m ^Aj^l-^ eF&l|L-K300)£F t::^F^il^ xh^aj^F-^ ^i-E-im(290)-^, #^|7| ^F 

^g(6io)H| x-ih 01(61 5)^1 Oil ^-Iai^icf. cF-^iia Aj^-i- =^aiuf^ ^^&i|l-F(230) ^ stl3 xii#Ai3F-^ £]-El|L-F(36o)t #ia 

(620) ^|o]| ^|:5^:|^F-^ td F^^^ ^F^j -lK ^ny\ o\^ji\ ohEj| u|- oFo|^a^|o|>y y}9.\ ^Ay\ ^x|H|-^ oF-^g^l ^ E^F# s 

oil ^1*1^^ ^cF. cF^gH Ai:2:# ^^^aj^^- £|Ej|uF(230)SF SSH aJs:-!- xh^aj^F^ efE^|L-F(360)# SIS ^-10-1(620) ^|oj| 
yH:^I^F^ e}E||uK230, 360)fiF ^l-^dlO^ §gA|s ^ oji^ ^^0:| n^^g ci ■^7FA|a ^ 5i[^F. 

zi n>- 7|^#o| SE^K ^ ^^iloii ciiF^ §H^-1H ^1^ ^y\^^ ^7i|7|o| - g (g^ o)o| t-F #ia(620)oi| ^nm. ^ ^cF. ol|# 
moi, ON/OFF ^Jc^l^^|o|E^ (ind(cator)(640)# oF^S^I °F Soil bH^I^FO:], ^|^ S7|#ai ^7l|7|o| ge^ AhEH# ^BFi-H>i| a 4£ $i 
c^F. #:^|:?l(200)# S-&(turn on) SE^ S-^^(turn off)^F:?l ^I^HA-i, :±i^|^|(650)# ^F^g^^l & Soil aji^l^ ^ 5itiF. ?HH-1H 
^1^ a>'l^^ ^:^PI^I yF^^S- -yAjo^l-^ ££oj.^ 71-^^ 3l.^g(6-IO)u[|cH| a||E-j£| ^ll-^F:?^! ^cF. o| £|oj|i, 



7|(connections)S ^ny\ o|-^g (610)^1 Soil ^:^|oFoi, AC ^{i!j^^^B^ ^^^9] ^^b[^ B^o|E^ (socket) 
DC S^H^•^E^o| #&]zi-^!(plug-in)(660) ±.SL±im elH-b ^dO| yj-s^^fi- 4= ^i^^^K 

EEtl, J£ 60jj L-l-B^L.^ uj.^^ :^hO|, B^U^ cr^ ^ 0\^9\ £^|ZL^XK670)7 ^ ^ bh^^^loj- ^ ^A|Oi|# ^^ X\ 

^ ^iciK £ 6oii ^\^\^\ uh^F s-oi ^^u^o| E^ium oi-g^^ o^n^ cc - x^|2^^|zl# x^|1B^|zl°| ^^-^ ^oi[ ^7^# $ic|- 

o|-L,^ 5E^ Zl o|A}.o| ^^Am 5ii::K o|# ^o\^ ^^^^ S7|#aj g7i|7|# ^[^n^ ^ 

^1-^ ^l^loil x|x|A|7|7| ^|o|- ^o|cK ziE^^^, oi7|oli Al-^oj- (uprjght)o | -goi-^ sj-xj^l o|a|^^x|-^ &x|Si, -y^il 

^'-^J^l y| ^[^H^^l '^SS(:II^^S) •^A|oi|#Jl^ ^^^A ^I^ ^:^|:7|o| ^[:h§ ^A|oi|o]| ?}^\\^\ ^A'E: 

7i#-^o|:o| g-o^x^o^^7^| a o»-5ixi ^ioui oi7|Ai Ai-Aii^i §ic:K Il^^LK -e e^i #c^^ ty^-^^ ^A|oiioj| [4|s[|A^^ 

^ fl^[^H^ ?H^-1^ ^ny\o\\ a7|, Si b[]E-]B.| ^o_g^ oj^jj^ ^^S^^^^B■] o^ga a]s:7[- 

ttH. ^A|7|# [:H7|Ai-EH^ -^-^ ^|^# -^tiisi-^ aF^w^l-cK ^ 7|#^o|:o| g-ojA|-a|-g, ch:^!^'-^^ ^il^^fe o| 

SEH S^Hoi ^i^m xii^s- 4. ^o|cK 

^[:H^ te^-l^ -^AlO^I-^, ^\^'^ -^^S^K120) A|-0|C>||Ai mL9.\ ^.-f^AJS ^7| ^I^FOi c^^ga ^ 

el&l|L-K230) o[^A|go^Ml ^l^-l-oil §1^ ^ 5iBK A|7|°i SICK Aj^ ^A^m ^^nnoi A^7| 

m ^ ^1-^. alE-l B|-# o^q7^|0|E^# 4= ^i^^fe '^0[0^ ohcK -EL^a, 0|^# Ol^ohC^nj, 

^'■a^l ^tiH^ a^l^Aj §7^171-^, eH^o| LH^ojlAi ci ^E.| ^l^lsH^f^Wu^ H^ojcHi ctHMcl- ^^|Hi S--^ 

0^1 eS^WI u||^l#iiH. ^:ri[.sia ziHiH^, ^S^l ^S^^^ tHH-^H S^I^aj ^x|^[.7| ^I^^^iJ^I 

i 7011 L-I-Em 01- ^o|, ^--S-Oil 'a:^|ofe ^^xl-^ ■^AH(710)^^ ^4|2SS ^AH(720)# il^^oh^cil, o|# ^aH#-B s 

a ■¥-xH(710)sM-ll2SS •^AH(720)s| SAH2.|oi|Ai s| S 7F^3W| o^aacl-. A^7| ^ ^xfi A^o|o^| o\it]-^ ^EHo| s|g 7^^^^- ojg 
o| o|-^oi^ ^ ^FcHB^i, sig £lx|(850)7^ ^ -^xH# aaA|7|^ y^^^m ^^So|cK xih^oj rtAK710)^, 

(750)011 Ai-7| xi-x|(700)-i- o|^^ oj^K Oil^DHI ^ 7|-A| %b^9\ ^^^^ HS^^ :±:AK710)# ^^^^ 

^m. S--^(750)Oj| ^ ^ic^l- ol-Dla[.£, Ai-71 g-:^|{700)# tflxHI 7F-^^|-7]| §-^(750)011 ^:^|l,i-oMMl ^X\m ^l^H^^^ ^^1 o|-ni 

^2} ^BH^ a7|SA| S7i|7|# A^o|3h xl.-A.^oj|Ai£E A^^^^ oi - y^B^xj^^cK AI.7I x^:^|(700)# u[]x^|7^^3^ 

#-^{750)0^1 ^^^^1-^ nE-ioi- ^^a^. ^-B §f]x^|7^-^§wl ^:^H(7io)oii - ^^u^ ^ 

0|A^o| goj A[.7| -^AH(71G)# ?>^-^(750)oi| -^^U|So_^^^ 0|^Oi>ycK ^i|2SS ^Afj (720)-^ 7|^^^ 

-^AH(710)oi| ^^o| o|;5^|^ s|S3|-o:|, a7|#A| #7||7|{200)# n\2SL^ -^^H(720) ^\o\\ -^ tl-i^K -^s-::^! :^i|2S°4 
(720)-^ A|x| °|cH(730)o]| o|^n ^.gui-^t^ -x|a- 4^ 5ii^K 

sj- -yAjo^lojl $iOiAi, x|x| °|[:H(730)^I 1 ■ELf-^(740)7|- 7H|2S'a ^AH(720)a| a|So{| M7| -^^sf^, x|x| '^J-[:H(730)7|- A^ 

:7| <a as (740)011 Ai of-xigo^ oi#s^ o^a°!-H^>^ EL* 5ii:^K a|x| oiDH(73o)^i n\2^^{79o)^, nm^\-^\ 

^\ n29.\ 7HS-^|x| y}^ x|x| °,^[:H(730)7F -^aH(710)o]| #^7F-^oh7-]| ^^^^eK x-1|2'ELf-¥(790)7F n'^^\Mo\\ £ 

&o|-^ AigoilAi, xi|2E!-¥-(790)# 7H^^^^BH^ °x|A|7|7| ^|§[|A-i S (detent) , ^^(snap). SE^ Zl ^.e^i-qi xi|^£|i::K 

xihS'Ej ¥-AH(710) iJ xi|2SE^ -^AH(720)oj| x|xl ±.:^\m ^^■^\^ Si^l-S '^xl p>ZlAi£ o^o^ 

<a-ol-^0-|0[: S-bK 0| x|x| -^AH(730)-i- xihSE^ -^Afj (71 0)^^ xi|2Sa ^xH(720) S.-^o]| ^l-^7^^^W| ^xlffl-^^ ojji^ cc^} 

:?H^>-^^E11^ -S-Xl^l-i^ aS^L :±:fea. H ^'n^^l 4^t!-#^i|l^a ^Af|(710)SMi|2SE^ -^X[](720) S^Oll •=p-ld|& 

oi :a|D|^D} o\mm ^. :5^ii^f-^niAh oH°i. a-a^i y^^i^ ^^f^^i ^^ia^s^ioiiAi ^i^&cK 

cl-^gH ^1^ S7|^Ai Aj;!:-!. =?=A|^|-^ AI-71 4=t[°:^^Ei x^|1o^o|^^^|o|^da c|-g-g5L ?-|^ a:7|§Aj Ai^# xf|# 

^oii ^mo-l ^Aia^i-^^E-] A^7| oHg^ S7|#A| Ai:^# #^^1--^ ^Et, ^ xH|20|^# ojgH ^|^^ S7|#ai 

'^t-71 3i0iH -Sl-ul-ol ^Aig:gl-Oj|Ai AI-71 XHoj JE 3M^I ^I^HM ^1-71 ^1^ a^l-i-Aj Als:## XH#AJ^|.- ^xz^^ ^ AI-71 oHg 



3 ^i-a ^^mti tis.mm 'r^-tin^ -y-^i =^=cj-o^«e^ x^|2o|■o|^a^lo|•|MS -y^i sga a7i#Ai ajs-ss xii#ajs|.- 

^l-a S^ISA] g7j|7|. 

:«HI1Sl-o|| aiolAi: 

•y7| S|0|E -^--yS £1-0)1 Ai^E-l At^l .^^3 a7|#Aj AJs* =^^A|3[-.^ At7| X4|2e}E|mo)| HH^fclElt 

m-^ a7isAi g:^|7i. 

^7| ;^H|1°hE||U|. nj Xl|2°^E||l-^ S.^ 3311*1 °l-E|moJ ^dS 31-^ .^l^ a7|#A| §7^|7|. 

A^7| c^$Bja a7|#A| A|J:» •y-7| -^^71 S7|#A| AJ^s ;cH^a|s|.- ^^^hg At7| Xj7|5 

m5%^o\\ 9JiO\M: 

AI.7I o|s. xi.x|o)| ^o]Si iJS--?-(extension)-l- 

-^^71 flimS ^1-71 S|CH£ ©mai A|*x^^|oi| o|5n_ AP7| g,^?.l=°S ^|*|a|?1£^ ^|x|# ^ ^ 

^^7| ^^icHs oh^g oi# $hx|o)|A-i^EH g^skoiiAH ^« ^i^ S7|#ai g^^pi 

Ai-71 01-^ &xi^^E-io| At7| sHoii §^u^o| Ajxk« - At7| *cHs iH^-iH si-^goii siaol sjoii §m 

?>l--&0)| ^^^m AV7| ^|Aj g7|SA| §7||7|» td||x|S|-7| ^1*!- fJ^iSl-^, Xi|5lj-o| a7|-g-A| g?j|7|0)| S^OiAi: 

-y7| xih sae, 4'-7| 7:i|iaScH| cHSH ^l*|o||Ai av7| x-\\^K?^o]\ cm ^^°\ ^l^ls ai-7| x-\\2^°im S|SS^7^| §1-0^ A^7| 

a7|#A| §7^|7|7l- n ^|01| M^im 4= -y-71 Xi|2S°jOj| 2|a7|-^sl-7i| ojgslt ^-g -sgo^ S7|#AJ g7(|7|. 

x-mS-oil sioiAH: 



^-iHOli-ojl ^10] M\ 

g^t-^! ^^^^ ^i^i-oi Ai-71 >^oii ^hi-|.o| o|AHoii €Ji\t^ ^y\mM ^nyim ci-^^j^ 

^oii §l-u^o| o|^j,^. 

•y-:?! o|^;ii^ A^7| ^AiS:^^ z>o| ojg^ oj c^^g^ a7|#A| A|;^-g. 4.A|§|-:[i S^^l-oi xH^Ai^^^^^ AI.71 ^-Ajg^^oji §^ 
^1 eS^wi ^\7:\2y ^1^ g:?il>'l# ^tdl^FlU; 

-^1-71 AHoii o_^^B^o| AI.7I Cl-^tJa ^1-^ S7|#A| Aj ^-^3^^ 

-^71^01^ i5|-L|-o| ^Ajg:^i-^^E-jo| A^7| ojgH ^1^ a7|#Ai Aj^-g. #^^1-^ 4^eJ-^I-; nalZL 

^1-71 <3Ua ^1^ a:7|S.Aj Aj^-i- AI-71 ^c>|5E 3|-u|-o| ^Aj^^^^^E^ 3Hoi£ ^|-u[.o| ^1^0^ XH#A|3|-^ ^^h^ d 

x-l|13l.'-oj| ^iO]A-\: 

^^y\ c^i-^gH s^^i-^ -^^71 -^t!•oi -a^^&i- oi-^-^ a^7| ci-^Bj^. dsi-i- ^^^m^m Ai-71 ^^o\ oi-g^oii s^ti 

O|-0|^£^|0|^ MC|- A|jx^ c£^h A^7| -ag^ Aj^-g My\ ^cJ-o| A^^t!" 0|-1-B ^^y\ 3 H 3 ^A|3|-0i ^^^1 

oj-g^ojl ^S-oh 0|-0|^&1|0|>M ^go^ ^Ajgsl- #AjA|:A.aj, 

411-011 9loiA-\: 

^7j|7|^ A^7| ^EH^^^_^^^^-g lHoii ^ifsi^^^^go^ ^|.- o,^ ^A1S^^ #dA|:^U. 

^H|15S-a]| $iOiAi: 

A^7| D^^BjH o|AH Ai7|#Ai A|^# =^M^[^ Ah7| 1 ?l ^ A|^# AH^Aj^h^ M7| 4^71 S 

^h-^goii 7i-fe^wi #|gal^ hhtii ohE^iui- c>i^#ai# di ^1,^^^^ ^g^^ 

^H|15&ol| 9ioiM: 

AI.7I 3h^go]| ^oi£ 3|-u|.o| A|^!-^# D] 

^dH^ te^-lH ^l-^g-B ^o-|i ^m^l d^^-^ojl o|^n^ AV7I ^^&o^ o|:^|A|7|i^ ^|a|#4^ oi- 



^H|15t|-oj| ?iO^A^: 

^•■71 c^^lla S7|-g-Aj Ajs:S -^^^F^ -^1-71 ^^0\\ :L^#o|-Oi, 4^A[ A|j^o| :7l-^^ ^7^a|7|7| -^l^H ^oii ^mo| o|^oi| DH 

^7hS A|^ <a7| ^l^l-Oi ^Oi^ 3mo| o|^oi| DH^H ^^7| ^|AH g7|#A| g7j|7|# SgAlg - ol^^ Cf-^gH -iJ 

^ihSS-oll 5JcHAi: 

^^7| ^i-x|4:E!-oll ag^H, -^^71 a7|gAj g7i|7|S i:H7|MeH^ ^9^^ §fe ¥-^3^1- #a| 

^^•71 cF^ga. ^1^ S7|#A[ Aj;^^ ^oi5, ^[^[^\ ^da^l-^ ^^H^-jy 

^^7| A^0^£ ^mo| YAig:gW|Ai^E-| ong^ a7|SAl Aj^m :>f.A|S|-^ E.MI2.I-; 

ojg^ o|^ S7|#Aj Ai-7|o| ^o]^ -§[L,[o\ ^i^o^ xH^Aji5fe E!-:^|# ^ih^l-^ m^^^ ^fe -^1^ ¥<iiia^F 
S^f^23 

xi|221hcH| 9JcHAi. A^7|o| o|-^o|. cH#^fe ^-^^^ oFo|^£^|o|^# "^^i^^^ ^# -^g^^ ^l-S 
S^1.^24 

S-?'&25 

xi|22lj-oj| ^JcHAi: 

xh7i ^o^^ 3mo| o Ajg^|.o||Ai-^E^ a|.7| o^ga o.|^ a7i#Aj ^^^^ a-x|3i-^ n^m 

S?'Sh26 

Al-71 Cl-g-ga ^1^ a7|#Aj A|:^# M7| ^Oii 3[-U|.o| o|^o]|Ai^Ei ^0i^ ^[l^[9.\ ^^^^^ X[)^A(B|-^ =^^^[\ 



o^g3^ Aj;^^ A1.71 5^o|£ ^i-u|-o| -^Ais ^1-0^1 A^^E^ A^7| 3^oii ei-u|.o| o|^o^ xH^Aj-^h^ ^%^o[^ m^^^ 

S:7|#A| ^:7i|7|. 
xi|261j-oj| 9ioiM'- 

-^i-^l ^oi^ ^l^oji hh^H S1a|7|^ i^i ^g^^ ^fe ¥1^ 3:^1^1^ #:^=1|:^L 

xi|29U-oi| 9io\A-\: 

Aj^ ^|3|-oi omoi o|^oj| DH^fl Ai-71 S7|#Aj ^^|7|# g 

^^\^^o\\ ij-g^hoi, A^7| 27i#Aj ^7ii7i# E^j^i^yEH^ ¥^ ^^ s« ^g^^ ^i^^ ^ 
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